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The critical lesion site responsible for the syndrome of unilateral spatial neglect has been
debated for more than a decade. Here we performed an activation likelihood estimation
(ALE) to provide for the first time an objective quantitative index of the consistency of
lesion sites across anatomical group studies of spatial neglect. The analysis revealed
several distinct regions in which damage has consistently been associated with spatial
neglect symptoms. Lesioned clusters were located in several cortical and subcortical
regions of the right hemisphere, including the middle and superior temporal gyrus, inferior
parietal lobule, intraparietal sulcus, precuneus, middle occipital gyrus, caudate nucleus,
and posterior insula, as well as in the white matter pathway corresponding to the posterior
part of the superior longitudinal fasciculus. Further analyses suggested that separate lesion
sites are associated with impairments in different behavioral tests, such as line bisection
and target cancellation. Similarly, specific subcomponents of the heterogeneous neglect
syndrome, such as extinction and allocentric and personal neglect, are associated with
distinct lesion sites. Future progress in delineating the neuropathological correlates of
spatial neglect will depend upon the development of more refined measures of perceptual
and cognitive functions than those currently available in the clinical setting.
Keywords: unilateral spatial neglect, extinction, lesion mapping, ALE meta-analysis, line bisection, cancellation
task
INTRODUCTION
Unilateral spatial neglect is typically defined as an inability to
detect, attend or respond to stimuli in spatial locations contralat-
eral to the side of cerebral damage (Heilman et al., 1993). The
symptoms of spatial neglect are typically associated with cere-
bral damage involving the right hemisphere, although neglect
also arises after left-sided lesions (Stone et al., 1993; Kleinman
et al., 2007). Within the right hemisphere, neglect symptoms
have been reported following damage to different brain regions,
including the angular gyrus (Mort et al., 2003; Molenberghs and
Sale, 2011), superior temporal cortex (Karnath et al., 2001, 2004),
parahippocampus (Mort et al., 2003), temporo-parietal junction
(Vallar and Perani, 1986; Karnath et al., 2003), inferior frontal
lobe (Husain and Kennard, 1996; Rengachary et al., 2011), intra-
parietal sulcus (Molenberghs et al., 2008; Gillebert et al., 2011),
insula (Karnath et al., 2004; Rengachary et al., 2011), putamen
(Karnath et al., 2002, 2004), caudate nucleus (Karnath et al.,
2002, 2004; Medina et al., 2009), pulvinar (Karnath et al., 2002),
parieto-frontal cortex (Bartolomeo et al., 2007) and occipital lobe
(Bird et al., 2006). Recent work also suggests that a common
cause for spatial neglect is a disruption of white matter pathways
connecting parietal and frontal areas (Doricchi and Tomaiuolo,
2003; Thiebaut de Schotten et al., 2005; Bartolomeo et al., 2007;
Doricchi et al., 2008; Urbanski et al., 2008; Ptak and Schnider,
2010; Urbanski et al., 2011) and damage in a particular area
could potentially cause functional changes well outside the criti-
cal lesion site (Corbetta et al., 2005; Hillis et al., 2005; He et al.,
2007; Corbetta and Shulman, 2011). It should be noted, how-
ever, that a focal lesion within a circumscribed brain area does
not invariably alter cerebral perfusion in functionally relevant,
but structurally unaffected, regions (Zopf et al., 2009) and some
authors have argued that gray matter damage is the most com-
mon cause of neglect (Karnath et al., 2009). Yet this latter study
was based on white matter damage on the Jülich brain atlas
(Bürgel et al., 2006), which is built on coronal anatomical slices
of post-mortem brains, and as a consequence could underesti-
mate the extension of caudo-rostral pathways such as the superior
longitudinal fasciculus.
Different lesion sites have been associated with different
aspects of the neglect syndrome and the condition is now widely
accepted as a heterogeneous syndrome (Stone et al., 1998; Hillis,
2006; Karnath and Rorden, in press). For example, patients with
visual extinction, but without neglect, can detect single stimuli
presented briefly and in isolation in either hemispace, but fail
to detect the more contralesional event when two stimuli occur
simultaneously on both sides (Karnath et al., 2003). Other subdi-
visions in the neglect syndrome have beenmade. Personal neglect,
for example, refers to cases in which the patient is unaware of
the contralesional side of the body (Committeri et al., 2007;
Baas et al., 2011). By contrast, extrapersonal neglect refers to
patients who ignore the contralesional side of the external envi-
ronment beyond the body, either within or beyond reaching
space (Committeri et al., 2007). Allocentric neglect concerns a
failure to perceive the contralesional side of individual objects
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(e.g., items in a complex scene or words) regardless of their ori-
entation or position relative to the body (Medina et al., 2009;
Chechlacz et al., 2010). By contrast, egocentric neglect refers
to a deficit in perceiving stimuli located on the contralesional
side of space relative to the body midline (Chechlacz et al.,
2010).
In order to probe these different symptoms of the neglect
syndrome, a wide variety of clinical tests have been developed
(Karnath et al., 2003; Rorden et al., 2006; Grimsen et al., 2008;
Marsh andHillis, 2008; Verdon et al., 2010), the majority of which
test for neglect within the visual modality. Most common among
these are cancellation tasks, in which patients use a pen to mark
individual targets scattered on a page (Albert, 1973; Gauthier
et al., 1989; Ota et al., 2001), and line bisection tasks in which
patients are required to indicate the midpoint of several horizon-
tal lines (Schenkenberg et al., 1980; Wilson et al., 1987; Halligan
et al., 1990). These tests were designed to be easy to administer
and score, but lack specificity in terms of the underlying per-
ceptual and cognitive deficits they measure (Vandenberghe and
Gillebert, 2009; Verdon et al., 2010). Some consideration of the
underlying properties of these clinical tests is important when
attempting to determine whether there is a critical brain region
whose damage most commonly causes symptoms of neglect. We
addressed this issue by undertaking anatomical analyses sepa-
rately for lesion maps obtained from studies that employed either
cancellation or line bisection tasks to define neglect.
To date, the published group studies that have investigated
the anatomy of neglect have been limited by small sample sizes
and wide variability in lesion sites. The principal motivation for
the present study was thus to add clarity to the information
presently available by determining for the first time which, if any,
lesion sites are consistently associated with the neglect syndrome
across different studies. Our main goal was to summarize the data
currently available and do this in an unbiased way. Therefore,
we performed an activation likelihood estimation (ALE) meta-
analysis (Laird et al., 2005; Eickhoff et al., 2009), which has been
used previously as an objective measure to quantify the relation-
ship between brain anomalies and different syndromes (Glahn
et al., 2008; Rotge et al., 2010; Ferreira et al., 2011).
Since spatial neglect is often used as a broad term to describe
different behavioral deficits in clinical settings and research stud-
ies, we first identified all published group studies of neglect in
which lesions had been mapped and that reported the peak coor-
dinates of the critical lesion site. We also performed an additional
qualitative analysis by subdividing the peak coordinates from
different subtests such as target cancellation and line bisection.
Likewise, we examined peak coordinates for subgroups of neglect-
like symptoms such as extinction, personal, extrapersonal, ego-
centric and allocentric neglect and provide them in an objective
framework. The findings, which imply an objective and coherent
network of brain areas associated with different neglect measures
and symptoms, should prove useful for researchers and clinicians
involved in the management and rehabilitation of patients with
this debilitating neurological condition. They should also assist
experts in the field to develop more refined measures of percep-
tual and cognitive functions associated with the spatial neglect
syndrome in the future.
MATERIALS ANDMETHODS
LITERATURE SELECTION AND EXCLUSION CRITERIA
We searched the Web of Science database (http://apps.
isiknowledge.com) in January 2012 using the keywords “spatial
neglect,” “lesion mapping,” “extinction,” “inattention,” “hem-
ineglect,” “hemispatial neglect,” and “unilateral neglect”. The
inclusion criteria for our analyses were as follows:
1. Studies that dealt with spatial neglect in human patients were
included, whereas those that did not were excluded (e.g.,
the search also uncovered studies focused on lesions in non-
human species, as well as review articles).
2. Studies that used lesion localization were included, whereas
those that employed other techniques (e.g., behavioral tests,
positron emission tomography (PET) or perfusion studies)
were excluded.
3. Because wewere only interested in consistent lesion sites across
patient groups, we only included studies that performed group
lesion-overlap analyses; other studies (e.g., single case studies)
were excluded.
4. Studies that did not report the coordinates of damage or for
which the coordinates could not be obtained through personal
communication were excluded.
A total of 20 studies that were found in the Web of Science
database or that were known to the authors matched all the inclu-
sion criteria and were thus entered into the meta-analysis (see
Table 1 for a complete list of the included studies).
SELECTION OF PEAK COORDINATES
From the 20 studies that passed the inclusion criteria listed
above, we extracted the peak coordinates reported on the basis
of the authors’ lesion mapping analyses. To minimize over-
representation by one particular region based on a single study,
we only included peak coordinates that were separated by more
than 10mm from each other in x, y, and z space in the same study
and for the same test. Additionally, if the voxels reported in the
original study were reported in Talairach space we transformed
them into Montreal Neurological Institute (MNI) space using
the icbm2tal algorithm (Lancaster et al., 2007) implemented in
the Ginger ALE software (Eickhoff et al., 2009). In total, 69 foci
were included in the overall analysis (see Table 1 and Figure 1 for
details).
ACTIVATION LIKELIHOOD ESTIMATION (ALE)
To identify the brain regions consistently lesioned in the included
studies, we performed an ALE analysis (Eickhoff et al., 2009).
Although ALE analysis was originally developed to quantify con-
sistent activation patterns in neuroimaging studies, it has also
been used in meta-analyses of brain anomalies in such syndromes
as obsessive-compulsive disorder (Rotge et al., 2010), schizophre-
nia (Glahn et al., 2008; Cheung et al., 2010), Alzheimer’s disease
(Ferreira et al., 2011) and autistic spectrum disorders (Cheung
et al., 2010). We used Version 2.0, which has advantages over ear-
lier ALE algorithms (Turkeltaub et al., 2002; Laird et al., 2005) in
that rather than testing for an above-chance clustering between
activated foci, it assesses above-chance clustering of activated foci
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Table 1 | Overview of the 20 studies and peak coordinates used in the ALE analysis.
Number Reference Number of patients MNI coordinates Class Description lesion mapping result
1 Molenberghs and Sale, 2011 44 31, –77, 37 B Cancellation task
34, –74, 34 A Line bisection task
2 Mort et al., 2003 35 51, –42, 31 C MCA neglect patients
36, 10, 18 C PCA neglect patients
3 Karnath et al., 2004 140 67, –18, 5 C Neglect vs. non-neglect patients
4 Verdon et al., 2010 80 29, –29, 18 C Neglect on all tasks
20, –2, 30 C
33, –47, 37 A Perceptive/visuo-spatial egocentric neglect
28, –60, 28 A
49, 29, 15 B Exploratory/visuo-motor egocentric neglect
38, 49, 8 B
52, 2, 33 B
35, –26, –10 D Allocentric neglect
5 Committeri et al., 2007 52 64, 4, 16 C Extrapersonal neglect
44, 44, 20 C
60, –24, 4 C
50, –28, –8 C
37, 6, –20 C
37, −36, 32 E Personal neglect
40, −19, 39 E
56, −29, 40 E
35, 13, 38 E
6 Golay et al., 2008 19 24, 26, 8 C Neglect minus non-neglect patients
40, –44, 26 C
7 Chechlacz et al., 2010 41 54, –58, 6 D Allocentric neglect
50, –58, 44 D
50, –62, 30 D
52, –32, 40 B Egocentric neglect
48, –24, –8 B
44, –8, 62 B
4, –22, –2 B
16, 8, –10 B
50, –38, 18 C Allocentric and egocentric neglect
50, –22, 40 C
8 Vossel et al., 2011 56 52, –72, 33 F Visual extinction
41, –77, 18 C Unilateral left performance (p.c.)
44, –71, 38 C
37, 6, 43 C
26, –17, 53 C
39, –77, 13 A Line bisection task (p.c.)
37, 45, 28 A
41, 39, 33 B Cancellation task (p.c.)
31, 12, 53 B
28, –41, 53 B
9 Grimsen et al., 2008 21 37, –26, 60 C Egocentric impairment
40, 2, 57 C
35, –7, 49 C
37, –19, 50 C
38, –9, –13 D Allocentric impairment
10 Mannan et al., 2005 8 42, –53, 43 C MCA neglect patients
11 Urbanski et al., 2011 12 34, 8, 22 C neglect patients vs. non-neglect patients
12 Molenberghs et al., 2008 20 43, –67, 33 F More interference from an ipsilesional distractor (p.c.)
(Continued)
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Table 1 | Continued
Number Reference Number of patients MNI coordinates Class Description lesion mapping result
13 Shallice et al., 2010 42 34, –48, 29 B Cancellation task (p.c.)
14 Karnath et al., 2003 27 69, –9, 0 C Neglect
65, –35, 34 F Extinction
63, –55, 27 F
67, –49, 8 F
69, –34, 7 F
15 Eschenbeck et al., 2010 68 26, –4, 58 C Neuropsychological (NP) neglect test battery (p.c.)
29, –38, 53 C
16 Doricchi and Tomaiuolo, 2003 21 39, –8, 26 C All neglect patients minus controls
30, –5, 35 C
17 Baas et al., 2011 22 47, −42, 20 E Patients with minus without personal neglect
18 Ptak and Schnider, 2010 29 30, –22, 22 C Neglect patients minus control patients
27, 3, 30 C
44, –46, 32 C
19 Rengachary et al., 2011 30 28, –10, 22 C Consistent lesion site in neglect patients (p.c.)
20 Medina et al., 2009 171 28, –27, 28 D Stimulus-centered neglect (p.c.)
55, –21, 13 C Viewer-centered neglect (p.c.)
Class A = neglect tested with line bisection task, B = neglect tested with cancellation task, C = neglect tested in general, D = allocentric neglect, E = personal
neglect and F = spatial extinction. p.c. = coordinates obtained through personal communication.
between experiments, thus permitting random-effects inference.
The ALE analysis was conducted using the standard settings in
the Ginger ALE software (Eickhoff et al., 2009). The test was cor-
rected for multiple comparisons using the false discovery rate
(FDR) method with p < 0.05, and a suggested minimum volume
of 200mm³ voxels was used to define a cluster. The maps of the
ALE values were superimposed on a ch2better.nii.gz atlas using
MRIcron software (http://www.mricro.com/mricron).
SUBDIVISIONS
As noted in the Introduction, spatial neglect is increasingly con-
sidered a heterogeneous syndrome (Stone et al., 1998; Verdon
et al., 2010; Karnath and Rorden, in press). Distinctions have been
drawn between spatial neglect and extinction (Ogden, 1985; Liu
et al., 1992; Di Pellegrino and De Renzi, 1995; Cocchini et al.,
1999; Karnath et al., 2003), personal and extrapersonal neglect
(Guariglia and Antonucci, 1992; Beschin and Robertson, 1997;
Committeri et al., 2007; Baas et al., 2011), and egocentric and
allocentric neglect (Hillis et al., 2005; Grimsen et al., 2008; Marsh
and Hillis, 2008; Medina et al., 2009; Chechlacz et al., 2010).
Moreover, it has been suggested that different tests for visual
neglect, such as cancellation and line bisection, are associated
with different lesion sites (Karnath et al., 2004; Rorden et al., 2006;
Verdon et al., 2010). Therefore, in addition to themain analysis we
subdivided the coordinates into six subclasses (See Table 1 and
Figures 1 and 3 for details). Subclass A included all coordinates
in which neglect was specifically tested for using a line bisec-
tion task (purple spheres); Subclass B included all coordinates
in which neglect was specifically tested for using a cancellation
task (red spheres); Subclass C was used for coordinates derived
from studies in which several different tasks (e.g., target cancel-
lation, line bisection, copying, clinical observation) were used in
combination to test for the presence of neglect (green spheres);
Subclass D included coordinates for allocentric neglect (blue
spheres); Subclass E included coordinates for personal neglect
(black spheres); and Subclass F included coordinates for spatial
extinction (orange spheres). Since dividing the data into separate
subclasses did not provide enough coordinates to justify sepa-
rate ALE meta-analyses, we plotted the individual coordinates on
an inflated cortical surface to give a qualitative overview of the
anatomy derived from the different studies.
RESULTS AND DISCUSSION
META-ANALYSIS ACROSS ALL INCLUDED STUDIES
The ALE meta-analysis of all included studies (Table 1) revealed
nine significant clusters in total (See Figure 2 and Table 2 for
details), all of which were located in the right hemisphere.
The largest area of damage consistently associated with neglect
included white matter corresponding to the posterior part of the
superior longitudinal fasciculus (Mori et al., 2005). Other signif-
icant clusters were located in: (1) An area located at the border
region between the posterior middle temporal gyrus and angular
gyrus; (2) The inferior parietal lobule; (3) The caudate nucleus;
(4) An area located at the border between the horizontal segment
of the intraparietal sulcus and postcentral sulcus; (5) The pre-
cuneus; (6) An area including the superior temporal gyrus and
superior temporal sulcus; (7) The posterior insula; and (8) The
middle occipital gyrus.
SUBDIVISIONS
Line bisection vs. target cancellation
Our analysis shows that most of the lesions associated with
line bisection deficits (purple spheres in Figure 3A) are located
more posteriorly than those associated with target cancellation
deficits (red spheres in Figure 3B), although one set of coordi-
nates for line bisection, from the study by Vossel et al. (2011),
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FIGURE 1 | Overview of all regions associated with unilateral spatial
neglect, based upon 20 lesion mapping studies (see Table 1),
superimposed on the cortical surface of the right hemisphere using
CARET software (v5.64 http://brainmap.wustl.edu/caret.html).
(A) Fiducial map. Purple spheres = neglect tested with line bisection tasks;
red spheres = neglect tested with cancellation tasks; green spheres =
neglect tested with a combination of tasks; blue spheres = allocentric
neglect; black spheres = personal neglect; orange spheres = spatial
extinction. (B) Flat map with identical spheres as in A. Cyan line indicates
the occipital lobe border; pink line = parietal lobe; red line = temporal lobe;
brown line = frontal lobe; regions outside borders = limbic lobe.
is located in the right middle frontal gyrus. The coordinates
associated with neglect on target cancellation are quite widely
distributed over dorsolateral prefrontal and parietal areas. It
has been suggested that poor performance on the line bisec-
tion task is associated with more posterior lesions (Rorden et al.,
2006; Verdon et al., 2010) because line bisection involves a more
“perceptual or representational” deficit, whereas target cancel-
lation deficits could also result from problems with “motor
exploration” (Binder et al., 1992). This explanation is consis-
tent with our finding of more frontal foci across studies that
used target cancellation to assess neglect (Figure 3B). On the
other hand, a recent study (Molenberghs and Sale, 2011) has
shown that performance on line bisection and target cancella-
tion in an unbiased clinical sample of left and right hemisphere
stroke patients was highly correlated (r = 0.76), and that both
tasks are associated with lesions in the right posterior angular
gyrus. In more homogeneous (i.e., pre-selected) patient groups
these correlations seem to be less pronounced (Binder et al.,
1992; Ferber and Karnath, 2001), probably because of the reduced
variance in the behavioral data. Another explanation for the dis-
crepancy could be a difference in the approach to administering
the line bisection task. For example, in the study by Ferber and
Karnath (2001), the lines had been placed at the rightmost part
of the sheet, which likely resulted in reduced or absent devia-
tions from the midline in neglect patients (Schenkenberg et al.,
1980).
Allocentric vs. egocentric neglect
Four of the studies that met our inclusion criteria (Grimsen
et al., 2008; Medina et al., 2009; Chechlacz et al., 2010; Verdon
et al., 2010) specifically examined allocentric neglect. Grimsen
et al. (2008) found that allocentric neglect was associated with
ventral lesions involving areas including the parahippocampal
gyrus, whereas egocentric neglect was associated with more dor-
sal lesions in the premotor cortex. A similar dorsal versus ventral
distinction between ego- and allocentric neglect was also found
in the study by Medina et al. (2009). The parahippocampal gyrus
was also implicated as the critical lesion site for allocentric neglect
in a study by Verdon et al. (2010). In addition, these authors
found that the critical lesion site for allocentric neglect extended
into the middle temporal gyrus, as did Chechlacz et al. (2010),
although in the latter study the damaged area also extended into
posterior regions including the posterior temporal and angular
gyrus (Figure 3D).
Personal vs. extrapersonal neglect
Personal neglect has been associated with more dorsal lesions
than observed in patients with extrapersonal neglect (Committeri
et al., 2007). These regions, which are shown in Figure 3E, are
thought to be involved in coding proprioceptive body informa-
tion such as the somatosensory cortex and more abstract body
information such as the supramarginal gyrus (Committeri et al.,
2007) and temporo-parietal junction (Baas et al., 2011).
Spatial neglect vs. spatial extinction
All studies that included a measure of extinction yielded lesions
lying within posterior cortical regions, including the angular
gyrus (Karnath et al., 2003; Molenberghs et al., 2008; Vossel et al.,
2011) and temporo-parietal junction (Karnath et al., 2003). This
is consistent with the view that spatial extinction is associated
with more posterior parietal regions subserving stimulus com-
petition (Karnath et al., 2003; Molenberghs et al., 2008; Gillebert
et al., 2011), whereas the spatial neglect syndromewhich is usually
measured with a wider variety of behavioral measures is asso-
ciated with multiple lesion sites. We note, however, that some
previous studies have suggested that extinction arises as a non-
specific consequence of any unilateral lesion, perhaps reflecting
a general competitive imbalance in sensory or other cortical
areas (Birch et al., 1967; Farah et al., 1991; Vallar et al., 1994;
Duncan et al., 1997). While this may be true to some extent,
we note that these conclusions were based on clinical investiga-
tions that lacked high-resolution MRI data and statistical analytic
techniques, such as voxel-based lesion-symptom mapping (Bates
et al., 2003; Rorden et al., 2007), which can uncover subtle but
consistent lesion foci across patients.
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FIGURE 2 | Overview of all significant clusters (FDR, p < 0.05)
derived from the ALE analysis of 20 lesion mapping studies
(listed in Table 1), superimposed on a ch2better template using
MRIcron. Numbers in parentheses are x, y, and z coordinates of the center
of the cluster in MNI space. All lesion clusters are in the right cerebral
hemisphere.
Table 2 | Significant clusters (FDR, p < 0.05) revealed by the ALE analysis of the 20 lesion mapping studies.
Cluster Cluster size in mm³ Center MNI coordinates Anatomical region Brodmann area
(x, y, z)
1 704 40,−46,31 White matter (right superior longitudinal fasciculus)
2 448 46,−69,35 Right posterior middle temporal gyrus/right angular gyrus 39
3 376 54,−29,40 Right inferior parietal lobule 40
4 352 29,−26,23 Right caudate nucleus
5 336 29,−39,53 Right anterior horizontal intraparietal sulcus /postcentral sulcus 40
6 320 33,−75,35 Right precuneus 19
7 288 49,−26,−8 Right superior temporal gyrus / right superior temporal sulcus 22
8 256 48,−40,19 Right posterior insula 13
9 240 40,–75,15 Right middle occipital gyrus 19
GENERAL DISCUSSION
COMMON REGIONS ASSOCIATED WITH SPATIAL NEGLECT
From the wide variety of brain areas associated with unilat-
eral spatial neglect (Figure 1), nine regions emerged consistently
across the studies included in our meta-analysis (Table 2 and
Figure 2). These included regions typically associated with spa-
tial neglect, such as the posterior temporal cortex (Karnath
et al., 2004) and inferior parietal lobule (Mort et al., 2003), but
also other regions less commonly associated with spatial neglect
such as the occipital lobe. Although neglect is less common
after posterior cerebral artery (PCA) infarction than after mid-
dle cerebral artery (MCA) infarction (Mort et al., 2003), it is
not uncommon for PCA patients with occipital lobe lesions
to suffer from neglect, probably because of damage to white
matter pathways connecting the parahippocampal and angu-
lar gyrus (Bird et al., 2006). This probably explains why the
right middle occipital gyrus was one of the critical lesion sites
identified in our meta-analysis. Specific gray matter structures
are more localized than long-range white matter pathways, and
different sectors along a long-range white matter pathway can
Frontiers in Human Neuroscience www.frontiersin.org April 2012 | Volume 6 | Article 78 | 6
Molenberghs et al. A meta-analysis of neglect
FIGURE 3 | Overview of brain regions associated with different deficits
in patients with unilateral spatial neglect, superimposed on a very
inflated template brain using CARET software (v5.64
http://brainmap.wustl.edu/caret.html). Purple spheres = neglect tested
with line bisection tasks; red spheres = neglect tested with cancellation
tasks; green spheres = neglect tested with a combination of tasks; blue
spheres = allocentric neglect; black spheres = personal neglect; orange
spheres = spatial extinction.
produce similar effects by disconnecting the fascicle, indepen-
dent of the precise location of the interruption (Catani and
Mesulam, 2008). It is possible, therefore, that our meta-analytic
method under-represents the contribution of white matter lesions
to spatial neglect. Nevertheless, consistent with the view that
neglect can arise from white matter lesions connecting parietal
and frontal areas (Doricchi and Tomaiuolo, 2003; Bartolomeo
et al., 2007; Doricchi et al., 2008; Ptak and Schnider, 2010), our
meta-analysis revealed that the largest region involved in the
development of spatial neglect was a white matter lesion cor-
responding to the superior longitudinal fasciculus (Mori et al.,
2005). Most of the significant regions in our analysis form the core
of a previously described, “circuit-breaking” ventral frontopari-
etal attention network (Corbetta and Shulman, 2002; Corbetta
et al., 2008), and lesions in this area can also lead to functional
changes in the dorsal frontoparietal selective attention network
(Corbetta et al., 2005; He et al., 2007; Corbetta and Shulman,
2011). Given the fact that most of these regions are situated
around the center of the vascularization territory of the MCA it
is no surprise that they emerged consistently and reliably from
our meta-analysis. Vascular brain damage normally respects arte-
rial territories and therefore will inevitably involve some brain
regions more than others. This consideration should be borne in
mind when interpreting the results of any lesion-based analysis,
and our ALE approach is no exception. More posterior parietal
regions that form the core components of this dorsal network,
such as the intraparietal sulcus and superior parietal lobule,
which are typically activated in neuroimaging studies on selec-
tive attention (Corbetta and Shulman, 2002;Woldorff et al., 2004;
Molenberghs et al., 2007; Serences and Yantis, 2007; Molenberghs
et al., 2008; Vandenberghe and Gillebert, 2009; Vandenberghe
et al., in press), are less likely to be affected by stroke because
they are situated at the border of the MCA and therefore have
a smaller chance of being affected by stroke than the more
central regions (Tatu et al., 2001). Recent evidence (Gillebert
et al., 2011; Vandenberghe et al., in press), however, suggests that
small focal lesions restricted to these regions can cause the same
neglect-like symptoms as typically found in patients with more
ventral damage.
NEGLECT AS A HETEROGENEOUS SYNDROME
The term “unilateral spatial neglect” is used to describe a range
of functional impairments, and the condition has increasingly
become viewed as heterogeneous (Stone et al., 1998; Verdon
et al., 2010; Karnath and Rorden, in press). This view is sup-
ported by the current meta-analysis, which shows that symptoms
of the neglect syndrome considered together are associated with
a widely distributed matrix of brain regions (Figure 1). A more
detailed analysis of the different subclasses of neglect symp-
toms, such as visual extinction, allocentric, egocentric, personal
and extrapersonal neglect, is important for characterizing the
neural circuits that underlie these dissociable functional deficits
(Figure 3). Further clues to this underlying circuitry can be
gleaned from neuroimaging studies of neurologically healthy par-
ticipants as they undertake conventional neglect-type tasks. For
example, brain imaging studies of line bisection have implicated
posterior cortical regions including the inferior and superior pari-
etal lobule (Fink et al., 2000). Likewise, imaging studies of visual
search, a task which in some respects at least resembles target
cancellation, have shown that activity in the superior frontal sul-
cus is associated with effortful, conscious visual search (Leonards
et al., 2000). These findings in healthy participants are con-
sistent with data from our lesion meta-analysis, which showed
that deficits on cancellation tasks tend to be associated with
more anterior lesions (Figure 3B), whereas those with deficits
on line bisection were associated with more posterior lesions
(Figure 3A).
DIFFERENT CRITERIA, TESTS AND TECHNIQUES PRODUCE
DIFFERENT LESION PATTERNS
The 20 studies included in the meta-analysis used different crite-
ria to identify neglect in their patient samples. For example, in the
study byMort et al. (2003) the criterion for classifying a patient as
having neglect on line bisection was a 3 percent rightward devi-
ation from the midline, whereas in the study of Molenberghs
and Sale (2011) the criterion was 9.5 percent. It follows that a
given patient identified as having neglect in one study might not
be classified as such in another. It will therefore be critical in
future studies for investigators to use a continuous behavioral
score in lesion mapping analyses, so that the severity of symp-
toms can be taken into account. In previous studies (Karnath
et al., 2001, 2003; Mort et al., 2003; Rorden et al., 2006) patients
were divided into dichotomous groups according to arbitrary
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cut-offs, but recent developments in lesion mapping approaches
(Rorden et al., 2007), and the inclusion of continuous behav-
ioral scores as variables (Molenberghs et al., 2008; Verdon et al.,
2010; Karnath et al., 2011; Molenberghs and Sale, 2011; Vossel
et al., 2011) has improved the inferences that can be drawn from
such studies. In addition, the time of testing post stroke (acute
vs. chronic stage) is also an important factor that differs between
studies and this can result in different lesion sites (Karnath et al.,
2011).
The studies included in our meta-analysis also varied widely
in the actual tests administered to assess neglect. Across the 20
studies there were seven different cancellation tasks [Line cross-
ing (Albert, 1973), Ota’s search task (Ota et al., 2001), Apple
Cancellation Task (Chechlacz et al., 2010), Letter Cancellation
Test (Weintraub and Mesulam, 1985), Star Cancellation Test
(Halligan et al., 1989), cancellation tests from the BIT (Wilson
et al., 1987), Bells Test (Gauthier et al., 1989) and Mesulam shape
cancellation task (Mesulam, 1985)] and five different line bisec-
tion tasks [110 lines of varying length (Halligan et al., 1990),
18 lines of varying length (Schenkenberg et al., 1980), 8 lines of
varying length (Urbanski et al., 2011), 10 lines of equal length
(Ferber and Karnath, 2001), and three lines of equal length from
the Behavioural Inattention Test (Wilson et al., 1987)]. These dif-
ferences might well have contributed to inconsistencies in critical
lesion sites reported across studies. Thus, for example, the targets
in the Bells test (Gauthier et al., 1989) are small and densely inter-
spersed amongst many distractor items, whereas the line crossing
test (Albert, 1973) consists of sparsely distributed line segments
with no visual distractors.
In addition to different behavioral measures, the studies
employed different neuroimaging techniques. For example, some
included low-resolution CT scans from which lesions were drawn
manually onto standard templates (Karnath et al., 2004), while
others used high-resolution MRI scans in which the lesions were
mapped directly onto the original image (Mort et al., 2003;
Molenberghs et al., 2008).
THE WAY FORWARD
In addition to revealing the critical lesion sites associated with the
various clinical manifestations of visual neglect, a key message of
the current investigation is that there is a need to develop more
sensitive and nuanced assessment tools to characterize the differ-
ent facets of this heterogeneous syndrome. For example, a typical
test for spatial neglect, such as target cancellation, involves both
visuo-spatial and visuo-motor components. Impairment in either
domain could therefore result in the same, abnormal score on the
test, but due to deficits in different underlying functional pro-
cesses. It will be important to bring laboratory tests into the clinic
in an effort to identify specific cognitive functions by examining
each in isolation [e.g., selective visual attention (Corbetta et al.,
2005; Molenberghs et al., 2008; Bays et al., 2010; Gillebert et al.,
2011; Vossel et al., 2011)]. Combining more specific descriptions
of the neglect syndrome with better clinical measures that isolate
specific cognitive functions should yield more consistent lesion
mapping results in the future.
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